INTRODUCTION
Working under the assumption that the genetic variance of the clonal groups has been nullified within the line, all of their variance is attributable to environmental factors. 1 The utilization of clonal-line fish as experimental animals should allow for the maximum standardization of test methods, being effective in comparisons of any treatments. Clonal fish are also considered useful as experimental animals because there is no genetic variance within the clone. 2, 3 Clonal fish have been generated by chromosome manipulation for a few commercially important species such as ayu Plecoglossus altivelis, 4 carp Cyprinus carpio, 5 hirame flounder Paralichtys olivaceus, 6 amago salmon Oncorhynchus rhodurus 7 and rainbow trout Oncorhynchus mykiss. 8, 9 However, clonal fish production is difficult due to several side-effects associated with the treatment of duplicating chromosomes and the expression of deleterious recessive genes after inbreeding. 10 In all the species of fishes studied the survival of artificial gynogenetic offspring during the first year of life decreased greatly, particularly at the larval stages. This has been revealed during experimentation with sturgeon, trout, flatfish and loach. High mortality has frequently been observed during hatching and in the transition to active feeding. The survival rate of gynogenetic carp during the first 2 weeks of postembryonic development is about 50%. labeled with [g 32 -P]-ATP to identify the Polymerase Chain Reaction (PCR) products. The PCR cycling conditions were as follows: seven cycles of denaturation at 94°C for 1 min, annealing at 53°C for 30 s and extension at 72°C for 30 s and then 33 cycles of denaturation at 90°C for 30 s, annealing at 53°C for 30 s and extension at 72°C for 30 s, respectively. The PCR products were added with denaturing stop dye, heated at 95°C for 15 min and separated by electrophoresis on 6% denaturing polyacrylamide gel. Alleles were sized according to a M13 sequence ladder. 25 Five clonal lines (Table 1) were produced. Mature females were artificially ovulated through injection with 2000 IU/kg of human chorionic gonadotropin (HCG). Stripped eggs from each female were inseminated with normal goldfish Carassius auratus sperm. Progenies at 10 days after hatching were used to assess variance and heritability.
Rearing systems
Five clonal lines with 200 fish per clonal line were mixed in a 500 L recirculated-water tank (24-25°C). Four duplicate tanks were made in the communal system. In the communal systems, fish were stocked at a high density to compensate for handling mortality.
Separate systems for the progenies from each maternal fish were assumed as each family. Seven families were reared separately in 100 L recirculated-water tanks with two replications. The rearing density was 100 fish per tank.
Fish in both systems were fed ad libitum twice a day with pellet feed and supplemented with red worm (Chironomid larvae).
Data collection and statistical analysis
The body length and weight were collected in the first, third, fifth and 10th month and the GSI was collected in the 10th month of rearing. All fish of each communal tank were measured and the caudal fins were clipped for the clones identification with microsatellite DNA marker locus GF17*, since the allelic sizes were different in each clonal line (Table 1) . crucian carp generate unreduced triploid eggs. The embryonic development is triggered by the sperm of diploid bisexual Carassius or other genera. However, the incorporated sperm does not contribute to the zygotic genome. [15] [16] [17] This strongly suggests that each progeny is genetically identical to the mother and the sib-progeny of a triploid female silver crucian carp is considered a clonal line. 14, 16, 17 Since silver crucian carp can reproduce by natural triploid gynogenesis, this makes them ideal for experimental use in a variety of research fields. [18] [19] [20] In theory, for quantitative traits, the phenotypic value (P) of each individual can generally be indicated as the sum of genotypic values (G) and the environmental effect (E). Variations among large number of individuals are measured, and their respective composition of P, G and E can be estimated from variance (V) analyses. The phenotypic variance of the original population is indicated as V p = V g + V e whereas cloned fish having no genetic variation among individuals within a clone is shown by V p = V e . If the clones are reared under the same environmental conditions in a communal rearing tank, genetic variance can be estimated. 3 The purpose of this study was to estimate genetic and environmental variances of total length, bodyweight and GSI (gonadosomatic index) in clonal silver crucian carp that were reared under identical environmental conditions (communal rearing system) and to verify the communal rearing system efficiency as compared with the result from a conventional separate rearing system.
MATERIALS AND METHODS

Production of clonal lines and clone identification
For production of clones, silver crucian carp spawners were collected from a natural population in Monobe River, Kochi Prefecture, Japan. Erythrocytes were measured to confirm the ploidy and an average erythrocyte diameter of larger than 17 mm was considered as triploid fish. [21] [22] [23] Three primer sets of microsatellite DNA marker, GF1*, GF17* and GF29* developed by Zheng et al. 24 were applied in this study to identify the difference between clonal lines. The reverse primer was 5¢ end In separate systems, 20 fish from each tank were randomly sampled for trait measurements and released to the original tank. The variances were analyzed by oneway analysis of variance method and the difference in means of each trait between clonal lines was compared using a Tukey test from the program SigmaStat version 2 (Jandel Corporation, San Rafael, CA, USA). The statistical design of the human monozygous twin model 26 was applied for estimation of heritability in communal systems as follows:
where Y ik is the measurement of the kth fish within the ith clonal line; m is the common mean; a i is the effect of ith clonal line; e ik is the uncontrolled environmental effect.
In variance analysis, mean square among clonal lines (MS B ) and the mean square among individuals within a clonal line (MS W ) were as follows:
where s In a separate balanced system, nested or hierarchical design 26 was modified to verify the variant components and heritability. The statistical model is as follows:
where Y ijk is the measurement of the kth fish within the ith family that was reared in jth tank; m is the common mean; a i is the effect of ith family; b ij is the random tank effect within ith family and e ik is the uncontrolled environmental effect. The variant components can be estimated from the mean squares (MS) derived from analysis of variance:
where s 
RESULTS
Total length and bodyweight
Mean values of total length among five clonal lines of a communal rearing group demonstrated non-significant difference in the first and third month in all duplicate tanks ( Table 2) .The difference was observed to be significant in tank 1 in the 10th month and tank 4 in the fifth month. Clone IV was significantly larger then those in tank 4 in the fifth and 10th month, while Clone I presented significant differences in tank 1 in the 10th month ( Table 2 ). Since the survival rate of Clone II was low (Table 2 ), the analysis of variance in total length and bodyweight did not include this clone. Mean values of bodyweight showed significant differences in tank 3 and 4 in the fifth month and tank 1, 3 and 4 in the 10th month ( Table 3) .
The heritabilities of total length and bodyweight of five clonal lines showed low values. The heritabilities of total length of four duplicate tanks displayed variation in every month: 0.03 to 0.217 in the first month; decreasing to -0.005 to 0.154 and -0.023 to 0.081 in the third and fifth month, respectively; and increasing again to 0.068 to 0.320 in the 10th month (Table 2) . Variation in heritabilities of bodyweight were found to be similar to the total length: 0.061 to 0.22 in the first month and -0.02 to 0.188, -0.019 to 0.088 and -0.004 to 0.109 in the third, fifth and 10th month, respectively (Table 3) .
In contrast, the total length and bodyweight of seven families in separate systems were significantly different among families started in the third month (Table 4) . Means of total length for family 2 (Clone I) were significantly higher than the other in the third, fifth and 10th month, whereas bodyweight of family 7 (Clone V) was the highest in the third month and the means of family 2 were higher in the fifth and 10th month ( Table 4) .
The heritability of total length was zero in the first month, and bodyweight was 0.076 in the third month ( Table 5 ). The heritabilities increased in the later months: 0.320, 0.455 and 0.419 of total length in the third, fifth and 10th month, respectively; and 0.490 and 0.394 of bodyweight in the fifth and 10th month, respectively (Table 5) .
Gonadosomatic index
The GSI in the 10th month was significantly different when compared to the other four clonal lines reared in four duplicate communal tanks (Table 6) . Mean values of Clone II were higher than those of the other clonal lines in each identical communal tank, while Clone I values were smaller than the other clonal lines (Table 6 ). However, Clone II was not included in the analysis of variance due to the low value of the survival rate. Like- wise, GSI of seven families from separate systems showed significant differences (Table 4 ). Family 7 (Clone V) showed a significantly higher rate of GSI than the other families, while family 1 (Clone I) was significantly smallest in GSI (Table 4) .
The heritabilities of GSI from both rearing systems indicated high heritability. The heritabilities of five clonal lines in each four duplicate communal tanks ranged from 0.44 to 0.64 (Table 6 ) and 0.419 was shown for seven families in the separate system (Table 5) .
DISCUSSION
For sib analyses to estimate heritability, high numbers of full sibs or half sibs must be reared in replicate tanks over a long period to separate the genetic and the environmental variances. 27 Furthermore, genetic analysis of quantitative traits is not easy with fish, because it is difficult to regulate the environmental factors, particularly rearing densities, in replicate rearing tanks over long periods. To discard the error of management and reduce the labor and work in replicate rearing tanks, communal rearing systems have been used to estimate the heritability. Taniguchi et al. 28 successfully estimated the heritabilities in clonal lines of ayu P. altivelis using common environmental conditions. Clonal lines were easily distinguished by several genetic markers such as allozyme markers, histocompatibility testing, 4 DNA fingerprinting, 10, 28 RAPD-PCR 14 and microsatellite DNA. 24, 25 In the present study, common environmental conditions were used to estimate the heritability of clonal silver crucian carp compared with the conventional separate rearing system. Microsatellite DNA markers were used as a genetic marker to identify the clonal lines.
The heritabilities of body length and weight were displayed in different values from two rearing methods. The communal rearing system gave a low value and variation of heritabilities between duplicate tanks (Tables 2,3) , while the heritabilities were intermediate for the separate rearing system, especially on the fifth and 10th of the month of study (Table 5) . Moreover, some duplicate tanks in communal systems presented a negative value of heritability as revealed by some traits of several fish. 29 This variance might be caused by unsuitable rearing conditions and management during the study, such as high stocking density, stress from data sampling and mortality after fin clipping and unknown factors which affected the experiment. Nakanishi and Onozata 30 noted the influence of environmental and ecological factors whereby clonal ginbuna maintained in high densities and with limited food supply showed higher variation than clonal groups that were tested in low density and without food limitation. Bagley et al. 31 also observed that the survival rate of each clonal line in the communal system was low (Table 2) , thus making it difficult to obtain highly reliable estimates. The presence of intermediate heritabilities (0.2 < h 2 < 0.5) in total length and bodyweight for separate tanks (Table 5) were relatively higher than those of the other studies which ranged from 0.03 to 0.13 at 168 to 364 days on bodyweight in rainbow trout 32 and about 0.08 during the period from 4 months to 27 months on bodyweight in Atlantic salmon reared in seawater. 33 These results indicate that growth traits, total length and bodyweight of clonal silver crucian carp have a high genetic effect on the performance of traits as well as GSI.
Heritabilities of GSI were high in both rearing systems (Tables 5,6 ), although low heritabilities were present in growth traits from the communal system. These contrasts suggest that the GSI of clonal silver crucian carp is strongly influenced by genetic effects and without or with only a small effect of inappropriate environment to trait performance. The results of this study indicate the suitability of clonal lines of silver crucian some factors associated with rearing containers other than density affected early growth of rainbow trout. Moreover, to obtain estimation with higher reliability, the number of clonal lines and the number of individuals per clonal line should be large. 28 In the present study, Table 4 Total length (cm ± SE), bodyweight (g ± SE), gonadosomatic index (GSI: % ± SE) and survival rate (% ± SE) of seven families reared in a separate system in the first, third, fifth and 10th month carp as experimental animals because a clonal line provides a uniform genetic background of experimental animals, thus allowing precise detection of experimental effect. They can be used to evaluate the genetic variation in traits within different fish strains. Highly reliable data can be obtained from using clonal fish for these tests. 3 However, environmental effects are unavoidable in aquatic animals. Further knowledge is required about environmental influences, such as water temperature and rearing densities, on clonal lines as well as genotype by environmental effects. If the clonal lines with different genotype have different sensitivity to an environmental factor, the genotype-environment interaction component will be large. 28 In addition, separate rearing systems are still an available method for estimation of heritability in clonal silver crucian carp, when replication and tank variance is controlled. Likewise, communal rearing systems are also possible if certain conditions are met and management practices are properly carried out.
